As more and more information is available on the Web finding quality and reliable information is becoming harder. To help solve this problem, Web search models need to incorporate users' cognitive styles. This paper reports the preliminary results from a user study exploring the relationships between Web users' searching behavior and their cognitive style. The data was collected using a questionnaire, Web search logs and think-aloud strategy. The preliminary findings reveal a number of cognitive factors, such as information searching processes, results evaluations and cognitive style, having an influence on users' Web searching behavior. Among these factors, the cognitive style of the user was observed to have a greater impact. Based on the key findings, a conceptual model of Web searching and cognitive styles is presented.
INTRODUCTION
The Web has become an important information source for many kinds of users. Students, professionals, academics and researchers search the Web daily to perform information retrieval (IR) tasks and to satisfy their information needs. However, with the rapid growth of information on the Web, users often find it difficult to locate relevant information.
Recent studies (Chen, Czerwinski and Macredie, 2000, Ford, Eaglestone, Madden and Whittle, 2009 ) have shown that individual differences have an impact on the Web users' searching behavior. Cognitive style is one of the most important individual differences in information behavior practice and research, as it affects the ways in which events and ideas are viewed and how an individual may think, react to, represent situations and make decisions (Riding and Rayner, 1998) . Since user cognitive process provides an effective theoretical foundation for understanding human-computer interactions (Gong and Zhang, 2005) , it is vital to incorporate cognitive styles in Web search modeling. Riding and Cheema (1991) grouped cognitive dimensions into two principal cognitive dimensions: the WholistAnalytic (WA) and the Verbal-Imagery (VI) style dimensions. The Wholist-Analytic dimension of cognitive style describes the habitual way in which people think about, view and structure information in wholes or parts. This affects the way they learn and organize information. The Verbal-Imagery dimension of cognitive style describes an individual's tendency to process information either in verbal or verbal mode of representation and thinking. It refers to ways in which an individual would represent knowledge, in words (verbal) or mental pictures (images).
In this study, we define Web searching as a Web user's activities on Web search engines, such as information searching, while cognitive style is understood and defined as a user's approach to process, organize and retrieve information. A small but growing number of studies have begun to explore the relationship between Web searching and cognitive styles. However, no Web search model that fully incorporates users' cognitive styles has been developed.
RELATED STUDIES
Over the years a number of studies have explored and developed models that describe and explain different processes that individuals use for retrieving information from the Web, and have investigated many factors that influence these processes. Ford, Miller & Moss (2001) investigated the role of individual differences in Webbased searching. The study reported IR effectiveness linked to the Internet perceptions of lack of control over the Internet and that the Internet is too unstructured. They also found associations between poor retrieval and a verbaliser cognitive style. Kim and Allen (2002) studied the impact of differences in users' cognition and search tasks on Web search activities and outcomes. The study findings reported strong task effects on search activities and outcomes; different tasks were associated with different levels of search activities and outcomes. Search characteristics, such as the use of specific search and navigation features, time spent in searching, number of sites viewed, and number of bookmarks created, were found to be influenced by an interaction between cognitive and task variables. For completing a task, searchers spent more time for the subject search task that requires the searchers to find OZCHI 2010 , November 22-26, 2010 The studies discussed above provide valuable insights into cognitive styles and Web searching research. These are the basis upon which this study is founded. However, limited empirical research exists that show interrelationships between Web searching and users' cognitive style. There is a need to examine implications of users' cognitive styles on their Web searching and to develop Web search models that incorporate users' cognitive styles.
RESEARCH AIMS
The main goal of this study is to enhance Web searching models with a greater understanding of how cognitive styles affect Web searching. The study examines user Web interactions, implications of users' cognitive style on their Web search, and develop a conceptual model that illustrates the relationships between users' Web searching and their cognitive styles.
RESEARCH DESIGN Data Collection
Four postgraduate students participated in the study. Demographic information, including prior search experience, were collected by using a questionnaire. Cognitive style was determined by Cognitive Style Analysis (CSA) test. The CSA is a computer presented test to measure the wholist-analytic and verbal-imagery dimensions of cognitive styles. Although there has been a few studies questioning its reliability and validity (Peterson, Deary and Austin, 2007 ), Riding's CSA test was chosen based on the following points:
• CSA test is relatively new compared to any other cognitive style test;
• A good number of studies have used CSA test (examples includes: Ford, Eaglestone, Madden and Whittle, 2009);
• CSA assesses both ends of the style dimensions i.e., wholist-analytic and verbal-imager cognitive style dimensions; and
• CSA test is a computer administered test which often makes it more attractive to participants. The CSA test indicates the position of an individual on each of the fundamental style dimensions by means of a ratio. Participants scoring below 1.20 on the wholistanalytic scale were classified as wholist, and those scoring 1.20 or above as analytic. Similarly, participants scoring below 1.03 on the verbal-imager scale were classified as verbaliser and those scoring 1.03 or above as imager. Based on their WA and VI scores, participants were categorized as wholist-imager, analytic-verbaliser or analytic-imager. Table 1 provides an overview of the participants' cognitive style.
The data about users' computer interactions were collected using think-aloud and Web search logs, which were recorded using a monitoring program. Factors, such as users' cognitive styles which affect Web search interactions, were considered as independent variables, while, Web search actions or indicators that get affected, such as the number of search terms, were identified as dependent variables.
Independent Variables
User's Cognitive Style: The cognitive style of the participant:
Wholist-Verbaliser, Wholist-Imager, Analytic-Verbaliser and Analytic-Imager. Domain Search Experience: The level of search experience in terms of number of years.
Dependent Variables
Terms: The number of search terms submitted to accomplish a search task. Query: The number of queries submitted to complete assigned tasks successfully. Navigation node: The sum of number of URL links visited and navigational buttons clicked (back button, home button, forward button, history list, and stop button). Interactive Feedback: The number of interactive feedback cycle occurrences, which involves the user's evaluations of IR system output, user's judgments and query modifications. Session duration: The total time taken by a user to complete assigned tasks successfully.
Search Tasks
Once the CSA test and survey questionnaire were completed, the participants were assigned with three search tasks to complete using any search approach. The search tasks were designed with different levels of difficulty and complexity, and a diverse area of topics. Task 1 presented the least complexity in that the participants were asked to find any suitable materials on the Web 2.0, which required using basic searching skills. Task 2 was of more complexity and required a higher level of search experience. Task 3 was more complex compared to Task 2 and required participants to use a more advanced level of search terms and retrieve the information as quickly as possible.
Data Analysis
The independent variables were identified through analysis of the CSA test and questionnaire. The recorded screenshots and audios were replayed several times to create participant observation memos with search logs, session length, and think-aloud stamps; each participant's exact key strokes, websites visited, time spent and verbalized text for each assigned search task, were transcribed carefully and recorded in a sheet. Table 2 illustrates an example of the transcripts and Web logs developed.
In order to measure each dependent variable, each participant's memos were then analyzed using elements of content analysis (Julien, 1996) within a constructivist grounded theory approach (Charmaz, 2006) .
RESULTS

The Query Modification Strategies
This study provided valuable insights into Web query reformulations. The results confirm other studies (Jansen, Booth and Spink, 2009 ) that Web users frequently make changes to their previous search query in order to improve the results of the search.
The Web users exhibited a high level of query modification strategies; some users used top-down query modification strategies (Participant 1 and 3), bottom-up query modifications (Participant 4) whilst others used mixed strategies (Participant 2). Top-down is a strategy where users search on a general area and then narrow down their search until they find the information needed (Navarro-Prieto, Scaife and Rogers, 1999) . In contrast, bottom-up strategy users look for specific keywords in the search engine and then scroll down the results until they find the required information.
Further, Participant 3 was found using synonyms for 'implications' to retrieve information. He believed that using synonyms would help him in finding the required information. Participant 3 also used the 'define' keyword to retrieve definition of the word under review. Google define: keyword search is a quicker way of finding word meaning and definitions using Google search engine.
Cognitive Styles
A good number of cognitive factors, such as information needs, information searching process, results evaluations, information search efficiency, level of Web search experience and cognitive styles, were found to have an effect on a Web user's search behavior. Among these factors, the cognitive style of a user was observed to have a greater influence.
Analytic-imagers were characterized by phrase-oriented searching as they tended to either add or reduce subphrases during their query modifications. On the other hand, wholist-imagers were distinguished by wordoriented searching. They tended to modify their queries by replacing parts of the search terms with new words. Web users' prior domain knowledge and search experience have also been found having effects on their Web search behavior, as seen in case of Participant 4; the think-aloud protocol analysis confirmed the user struggling to complete Task 1 because he did not have background knowledge on the Web 2.0.
Relationships between Users' Web Searching and Their Cognitive Style
The results from this study confirm the hypothesis that there is a significant relation between Web search behavior and user cognitive styles. Wholist-imagers and analytic-imagers relatively completed a greater number of feedback cycles as compared to analytic-verbalisers. Knight and Spink (2008) reported that system feedback can be referred to as the user's search tactics, which indicates that imagers were relatively more search expert compared to verbalisers.
A closer analysis of Web search logs and think-aloud protocol revealed that during the search interactions, analytic-imagers (Participant 2) tended to move back and forward more frequently than the rest. Researchers suggest that such frequent use of navigation buttons can be viewed as an indication of "getting lost" (Kim, 2000) . If this is the interpretation, then analytic-imagers tended to get lost while performing Web searching. However, Riding (1998, p. 28) reported analytic-imagers as a "hesitant in making decisions" but "idealistic" and follow "a set of principles", which is contrasting with that of Kim's (2000) interpretation. An in-depth study, with a larger sample size, is required to investigate, compare and confirm the previous findings.
DISCUSSIONS
Based on the key findings of the study, a preliminary conceptual model of cognitive style and Web searching is presented (see Figure 1) . The model presents the relationships between different components of Web searching and cognitive styles; includes five main components: information needs, the user, cognitive style domain, Web searching and information retrieval.
The information need of a user influences the user's information seeking behavior (Wilson, 1981 interacts with search engines and engages in Web searching in order to retrieve information and be satisfied with the information need. The user is placed in the centre of the model to indicate the importance of a user in information retrieval. A series of actions take place around the user during user-Web interactions, which are affected by the user's cognitive style domain. The efficiency and completion of a user's task depends on how he or she coordinates and processes mental information. During Web searching, the user with the information need and the specific cognitive style, formulates queries, executes searches and examines query results to make judgments regarding the system and the relevancy of the content to meet their information need. The user then moves to the information retrieval stage. If the user is unable to retrieve the information needed, he or she may initiate a complete searching process again or even revisit the information need and the search task topics. This action loops in a cycle unless terminated as the result of successful IR, or user opt to cease or IR system termination due to a failure.
CONCLUSION AND FUTURE WORK
The conceptual model, presented in this study, provided valuable insights into user-Web interactions and confirmed the validity of the hypothesis that there is a significant relationship between Web search behavior and cognitive styles. However, the study findings are indicative and the preliminary model presented is in its infancy as the findings are based on a small scale population sample. A study with a larger population sample, between 50 and 60 participants, is in process and its findings will be reported in future papers. 
